Unsporulated coccidian oocysts were obtained from droppings gathered from 58 16 domestic pigeons reared in Tokyo, Japan, and kept at 4°C within a humid tube. 59
To identify these oocysts, we performed sporulation by referring to a standard 60 technique for avian coccidia [4] equipping some modifications. In brief, the feces 61 6 were placed in 2.5% (w/v) potassium dichromate solution (K2Cr2O7) and incubated 62 at 25°C for 5 days under aerobic conditions. The material was then passed through a 63 fine mesh and the oocysts were purified by sucrose gradient centrifugation [5] and 64 identified. In a result, Eimeria oocysts were dominant and oocysts of Isospora sp. 65 were hardly detectable. We identified the Eimeria oocysts as E. labbeana [6] and E. 66 columbarum [7] based on morphological features. Despite Isospora sp. was less 67 frequent in the population, we could identify these based on the size, and the number 68 of sporocysts per oocyst. The purified oocysts were stored at 4°C in 69 phosphate-buffered saline until examination. 70
Sporulated oocysts were suspended in Milli-Q purified water (Millipore, 71
Billerica, MA, USA). Diluted drops containing oocysts were placed on plastic 72 dishes. Each Isospora oocyst was isolated from the drops under an inverted 73 microscope (TMD300; Nikon, Tokyo, Japan) using a micropipette or glass capillary. 74
To eliminate additional oocysts as contamination picked up oocysts were passed 75 through several water drops, and we checked contamination at each step by 76 microscopic observation. The isolated oocysts were individually placed onto a cover 77 glass and verified by thorough observation, and were then photographed using a 78 differential interference contrast inverted microscope (TMD300) with a ×40 79 objective lens. In total, four oocysts were observed for the morphological 80 description. 81
A representative oocyst is shown in Fig. 1 . Table 1 observed in the pigeon Isospora sp. (Fig. 1) . Gallicolumba beccarii and C. livia 106 belong to different genera in the family Columbidae, suggesting different host ranges 107 of I. gallicolumbae and the pigeon Isospora sp. due to the strict host specificity of 108 isosporoid species. In addition, we observed that the morphological features of the 109 9 pigeon Isospora sp. differed in many ways from I. gallicolumbae. Thus, the pigeon 110 Isospora sp. is morphologically and biologically distinguishable from I. 111
gallicolumbae. 112
After recording the morphological features, each oocyst was subjected to 113 single-oocyst polymerase chain reaction (PCR) according to previously described 114 methods with modifications [9] . Prior to freeze-fracture we carefully observed drops 115 again and verified no additional oocyst existed. Each isolated oocyst was transferred 116 to a PCR tube; the tubes were then subjected to five freeze-thaw cycles to rupture the 117 oocyst wall. To improve the efficiency of PCR amplification, we used a total 118 genomic DNA amplification technique with a GenomiPhi V2 Whole-Genome 119 Amplification Kit (GE Healthcare, Tokyo, Japan). The enriched DNA product was 120 diluted 10-100-fold with Milli-Q water and used as the PCR template. The 18S 121 rRNA gene was amplified with the primers E18SF and E18SR [10] , and the 28S 122 rRNA gene was amplified with the forward and reverse primers E28S-4Fw 123 We subjected all four oocysts to single-oocyst PCR; however, for both genes 132 PCR amplification was successful for only one same oocyst. The low efficiency of 133 PCR amplification was probably due to the small amount of genomic DNA in a 134 single oocyst. Because direct sequencing was not able to clearly determine the 135 sequence of the 18S rRNA gene, which exhibited heterogeneity, we used the 136 standard TA cloning technique prior to sequencing and obtained two sequences. genotypes heterogeneously in its haploid genome [12] . 151
There were other eimerian oocysts in the same pigeon-stool specimen. We 152 also isolated more than 15 eimerian oocysts, performed the single-oocyst PCR and 153 GTRGAMMAI substitution model (a thorough bootstrap analysis was conducted). In 167 total, 1,000 tree replicates were generated to evaluate bootstrap support. The 168 constructed tree is depicted in Fig. 2A . Pigeon Isospora sequences 1 and 3, located 169 beside the Isospora/Atoxoplasma clade, formed a monophyletic clade but were not 170 identical to other known species, indicating that the sequences of pigeon Isospora are 171 distinct from the others. However, the Isospora/Atoxoplasma clade was not strongly 172 supported by bootstrap values. Also, we could not determine the relationships of 173 
